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Abstract 



PROBLEM TO BE SOLVED: To satisfy all of mechanical strength, heat conductivity, iow-temp. 
sinterability, adhesion to a conductor and glass sealabiiity. 

SOLUTION: This AIN sintered compact is based on AIN grains of <=2&mu m average grain diameter 
and contains 1-8wt.% (expressed in terms of oxide) at least one kind of rare earth element, 0.3-7wt.% 
(expressed in terms of oxide) at least one kind of alkaline earth metal and 5-25wt.% (expressed in terms 
of oxide) at least one kind of element selected from among Bi, Pb, Sb, In and Sn. It is produced by 
sintering at a low sintering temp, of <=1 ,973K. 



Data supplied from the esp@cenet database - 12 



http://l2.espacenet.com/espaGenet/abstract7C Y=ep&LG=en&PNP=JP9077561&PN=.. 03/06/20 



JP 9-77561, A 



[Title of the Invention] 

ALUMINUM NITRIDE SINTERED BODY 
[Abstract] 

[Object] To satisfy all of the mechanical strength, thermal conductivity, low 
temperature sintering property, adhesion strength to a conductor, and glass 
sealing property of an AIN sintered body. 

[ So 1 -L r o h 3 An aluminum nitride sintered body with an aluminum 
nitride particle having an average particle diameter of 2 jam or less as a 
main composition contains 1 to 8% by weight (in terms of oxide) of at least 
one element selected from rare earth elements, 0.3 to 7% by weight (in 
terms of oxide) of at least one element selected from alkaline earth metal 
elements, and 5 to 25% by weight (in terms of oxide) of at least one element 
selected from Bi, Pb, Sb, In and Sn. The aluminum nitride sintered body 
according to the present invention can be sintered at a low sintering 
temperature of 1973 K or less. 

[Claim] 

1. An aluminum nitride sintered body with an aluminum nitride 
particle having an average particle diameter of 2 jim or less as a main 
composition, containing 1 to 8% by weight (in terms of oxide) of at least one 
element selected from rare earth elements, 0.3 to 7% by weight (in terms of 
oxide) of at least one element selected from alkaline earth metal elements, 



and 5 to 25% by weight (in terms of oxide) of at least one element selected 

from Bi, Pb, Sb, In and Sn. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to an aluminum nitride (AIN) sintered 
body and, more particularly, to an aluminum nitride sintered body which 
can be sintered at a low temperature, which has high density and thermal 
conductivity and which is excellent in adhesion strength to a conductor layer 
and glass sealing property. 
[0002] 
[Prior Art] 

In recent years, along with the progress in speed up and highly 
advanced integration of semiconductor devices such as IC, LSI and the like, 
properties required for the circuit substrates and semiconductor packages to 
have tend to become hard to satisfy. For example, in order to efficiently 
release heat generated in a semiconductor device, a high thermal 
conductivity is required and, in order to suppress a risk of damages and 
distraction of a semiconductor device by thermal stress as much as possible, 
an aluminum nitride sintered body is required to have a thermal expansion 
coefficient close to that of a semiconductor device. 
[0003] 

As a ceramic material as an insulating material of a circuit 
substrate or a package, alumina (Al203)-based ceramics have been generally 
used so far. However, although alumina-based ceramics have high thermal 



conductivities as compared with those of a conventional plastic material and 
a glass material, their thermal conductivities are about 20 W/mK, still 
insufficient, and their thermal expansion coefficients are about 7 x lO'^/K, 
about two times as high as the thermal expansion coefficient (4.5 x 10"^/K) 
of silicon. Therefore, it cannot be said that these alumina-based ceramics 
have sufficient properties to satisfy the requirements of the speed up and 
the high integration of a semiconductor device. 
[0004] 

For that, in place of the alumina-based ceramics, an aluminum 
nitride (AIN) sintered body has been expected to be advantageous and 
applications of it to an insulating material or the like in a multilayered 
circuit board have been made in many fields. An AIN sintered body has 
characteristics that it has a thermal expansion coefficient, 4.0 x 10~^/KL, 
approximately same as that of silicon and that it can sufficiently suppress 
the thermal stress of a semiconductor device. Further, even those having 
thermal conductivities exceeding 100 W/mK have been made available and 
they can therefore deal with increase of the heat generation quantity 
following the high integration and speed up of the semiconductor device, 
[0005] 

In order to obtain such an AIN sintered body with a high density and 
high thermal conductivity, a sintering aid, e.g. an all^aline earth metal 
compound and a rare earth compound, for trapping oxygen in AIN crystal 
particles is added and sintering is carried out at a temperature generally as 
high as 1973 K or more. However, an AIN sintered body obtained by 
sintering at such a high temperature has a problem that the mechanical 



strength is decreased following the growth of crystal particles. Such 
mechanical strength decrease of an AIN sintered body is serious setback in 
the case of application to a substrate and a package for semiconductor chip 
disposition. Accordingly, the sintering temperature is required to be low. 
[0006] 

On the other hand, in order to expand the application fields of an 
AIN sintered body in the future, to lower the cost is urgent and as a trial for 
the cost down, it has been investigated to lower the sintering temperature in 
order to utilizes already existing continuous fixmaces. The researches and 
developments in recent years have been making it possible to lower the 
sintering temperature around 1873 K by improvement of AIN sintering aids 
even without using an ultrafine powder of an AIN powder. 
[0007] 

As effective sintering aids to lower the sintering temperature are 
exemplified halides of rare earth elements and alkaline earth metal 
elements in, for example, Japanese Unexamined Patent Publication No, 
61-209959, Japanese Examined Patent Publication No. 5-17190, Japanese 
Unexamined Patent Publication No. 62-153173. Also, similarly as a 
method for lowering the sintering temperature of an AIN sintered body, 
there is a description of a method for simultaneously adding a rare earth 
oxide and an alkaline earth metal oxide as sintering aids in Japanese 
Unexamined Patent Publication No. 1-183469. 
[0008] 

[Problems to be Solved by the Invention] 

However, conventional low temperature sintering methods of such 
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AIN sintered bodies described in the above-mentioned respective patent 
specifications cannot provide any AIN sintered bodies with sufficient 
densities and high thermal conductivities by sintering at a temperature 
lower than 1973 K. For example, high thermal conductivity exceeding 100 
W/mk at a temperature of 1873 K cannot be achieved by the methods 
described in Japanese Unexamined Patent Publication Nos. 61-209959 and 
62-153173. Also, although satisfying the thermal conductivity of 120 
W/mK, sintered bodies according to the method described in the Japanese 
Examined Patent Publication No. 5-17190 are obtained all by sintering at a 
temperature of 1973 K or more. Further, when a large quantity of halides 
of rare earth elements and alkaline earth metal elements are added, many 
precipitates appear on the surface of AIN sintered bodies to result in not 
only sintering and coloration unevenness but also deterioration of surface 
smoothness and therefore it leads to many problems such that polishing 
step is required for forming a conductive circuit in post-processing steps. 
[0009] 

Further, the method described in Japanese Unexamined Patent 
Publication No. 1-183469 is capable of providing a density of 3.27 g/cm^ and 
a thermal conductivity of 139 W/mK by sintering at 1873 K for 8 hours by 
simultaneously adding Y2O3 and CaO, it is supposed that a sintered body by 
the method is not completely pore-free and dense according to the described 
grain boundary phase components. 
[0010] 

On the other hand, in the case of using an AIN sintered body for a 
circuit substrate, it is required to consider the adhesion strength of an AIN 
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insulating layer and a metal conductive layer. That is, in the case where 
an AIN formed body having a metal conductive layer in the surface or in the 
inside is simultaneously fired at a high temperature, when the adhesion 
property of the AIN insulating layer to the metal conductive layer is not so 
good, a trouble such as peeling of the conductive layer from the insulating 
layer may occin* after firing. Further, in the case where a multilayer circuit 
substrate obtained by firing is used for a package material, after disposition 
of a semiconductor device, glass sealing using a cap for protecting the device 
may be sometimes carried out. Accordingly, the AIN sintered body is 
required to have also a good glass sealing property. However, any 
conventional AIN material does not sufficiently satisfy the above-mentioned 
mechanical strength, thermal conductivity, low temperature sintering 
property, adhesion strength to a conductor and glass sealing property so far. 
[0011] 

As described, with respect to an AIN sintered body, it has been tried 
to satisfy all of the mechanical strength, thermal conductivity, low 
temperature sintering property, adhesion strength to a conductor, and glass 
sealing property. 
[0012] 

The present invention is made to meet the above-mentioned 
problems and an object of the present invention is to provide an aluminum 
nitride sintered body which can be sintered at a low temperature, which has 
high mechanical strength and thermal conductivity, and which is excellent 
in the adhesion property to a conductor and glass sealing property. 
[0013] 
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[Means for Solving the Problems] 

The present invention provides an aluminum nitride sintered body 
with an aluminum nitride particle having an average pEirticle diameter of 2 
ixm or less as a main composition, containing 1 to 8% by weight (in terms of 
oxide) of at least one element selected from rare earth elements, 0.3 to 7% 
by weight (in terms of oxide) of at least one element selected from alkaline 
earth metal elements, and 5 to 25% by weight (in terms of oxide) of at least 
one element selected from Bi, Pb, Sb, In and Sn. 
[0014] 

An aluminum nitride sintered body of the present invention 
simultaneously contains (1) at least one element selected from rare earth 
elements, (2) at least one element selected from alkaline earth metal 
elements, and (3) at least one element selected from Bi, Pb, Sb, In and Sn, 
and these elements are added as sintering aids in form of compounds. 
Simultaneous addition of compounds of (1) and (2) makes low temperature 
sintering at 1973 K or less, possible. Further, addition of compounds of (3) 
promotes sintering at a low temperature and densification and improves the 
adhesion property to a conductor and the glass sealing property. 
[0015] 

Examples of the rare earth elements (1) include Sc, Y and 
lanthanide elements, and the addition amount of them is adjusted to be in a 
range of 1 to 8% by weight in terms of oxide. When the addition amount of 
the rare earth element compounds in terms of oxide is less than 1% by 
weight, the sintering property is insufficient. Even when the sintering is 
sufficiently carried out, the oxygen-trapping effect becomes insufficient to 
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result in decrease of the thermal conductivity. On the other hand, when it 
exceeds 8% by weight, the grain boundaries formed in the AIN sintered body 
are excess to result in decrease of the thermal conductivity. The addition 
amount is more preferably 1.5 to 7% by weight in terms of oxide. 
[0016] 

Examples of the alkaline earth metal elements (2) include Ca, Ba, Sr 
and the like, and the addition amount of the alkaline earth metal elements 
is adjusted to be in a range of 0.3 to 7% by weight in terms of oxide. When 
the addition amount of the alkaline earth metal compounds in terms of 
oxide is less than 0.3% by weight, the sintering property is insufficient. 
Even when the sintering is sufficiently carried out, the oxygen-trapping 
effect becomes insufficient to result in decrease of the thermal conductivity. 
On the other hand, when it exceeds 7% by weight, the grain boundaries 
formed in the AIN sintered body are excess to result in decrease of the 
thermal conductivity. Further, the AIN sintered body in which a large 
quantity of alkaline earth metal compounds are produced is inferior in 
water resistance. The addition amount is more preferably 0.5 to 5% by 
weight in terms of oxide. 
[0017] 

With respect to the elements (3) selected from Bi, Pb, Sb, In and Sn, 
any of their oxides has a low melting point and becomes a liquid at a low 
temperature, so that rearrangement of AIN particles during sintering is 
made easy and, accordingly, sintering is promoted. Further, they reacts 
with an oxide layer (AI2O3) on the surface of AIN particles to produce a 
eutectic crystalline liquid phase at a further low temperature and the 
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sintering is thus promoted. 
[0018] 

Further, when compounds containing the above-mentioned elements 
(3) exist, in case a conductor is formed by simultaneous firing or in a 
posterior step, the adhesion property of the conductor layer and an AIN 
insulating layer becomes excellent. That is, as described above, the 
compounds containing the elements (3) produce liquid phase at a low 
temperature and the liquid phase has a low viscosity and extremely good 
wettability, so that a portion of the liquid phase penetrates the conductor 
layer and is solidified by cooling thereafter to firmly bind the conductor 
layer and the AIN insulating layer. Accordingly, the adhesion property of 
the AIN insulating layer to the conductor layer is made excellent. 
[0019] 

Further, the elements (3) are all elements to be contained in glass 
and when these elements exist together with Al and O on the surface of a 
sintered body, the above-mentioned elements (3) are difiFiised in glass for 
sealing and thus they firmly and closely bond the AIN sintered body with 
sealing glass. At the same time, they mal^e the wetting angle of the glass 
to the AIN sintered body narrow and make excellent glass sealing possible. 
[0020] 

The addition amotmt of the compounds containing the elements (3) 
is adjusted to be in a range of 5 to 25% by weight in terms of oxide. When 
the addition amount is less than 5% by weight, the effect to promote 
sintering is insufficient. Further, since the compounds containing the 
elements (3) generally have a high vapor pressure at a high temperature, 
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they are easy to be evaporated during the sintering steps and when the 
amount is less than 5% by weight, the effect to improve the adhesion 
strength of a conductor layer to be formed by simultaneous sintering or after 
sintering is lowered and at a time of glass sealing, the amoimt of the 
elements (3) remaining in the AIN sintered body is decreased and 
consequently the desirable effect to improve the glass sealing property is 
deteriorated. On the other hand, when it exceeds 25% by weight, the grain 
boundary phases produced in grain boundaries become so many to decrease 
the thermal conductivity. Especially, when a large quantity of the elements 
(3) are added, the wetting property of the grain boundary phases to the AIN 
particles is improved and the AIN particles are therefore parted from one 
another and consequently heat conduction is inversely inhibited. The 
addition amount is more preferably in a range of 7 to 20% by weight in 
terms of oxide. 
[0021] 

The AIN sintered body that contains compounds of the 
above-mentioned elements (1), (2) and (3) can be densified even by low 
temperature sintering at 1973 K or less and is provided with a high thermal 
conductivity and 2 ixm or less average particle diameter of AIN pgirticles. 
That is, the AIN particles are prevented from becoming too large and, owing 
to the average particle diameter of 2 pn or less, the AIN sintered body is 
provided with a higher strength than that of a conventional AIN sintered 
body. When the average particle diameter of the AIN particles after 
sintering exceeds 2 |Lim, the mechanical strength is decreased. Further, 
owing to the addition of the compounds of the elements (3), the adhesion 
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property of the AIN insulating layer to the conductive layer is made 

excellent and the glass sealing property is also improved, 

[0022] 

[Embodiment of the Invention] 

Hereinafter, an embodiment of the present invention will be 
described. 
[0023] 

At first a production method for obtaining an AIN sintered body of 
the present invention will be described. The AIN sintered body of the 
present invention is preferably produced by employing the following 
production method. 
[0024] 

An AIN powder to be used for producing the AIN sintered body of the 
present invention is preferably a powder among any practically available 
powders having an average primary particle diameter in a range of 0.03 to 
1.4 |jm and an impurity oxygen content in a range of 0.2 to 3.5% by weight 
from a viewpoint of the particle diameter after sintered. 
[0025] 

When the average primary particle diameter of the AIN powder is 
less than 0.03 |ma, it possibly becomes difficult to handle the powder and it 
becomes also difficult to form the powder. On the other hand, when the 
average primary particle diameter of the AIN powder exceeds 1.4 jjm, it 
possibly becomes difficult to carry out low temperature sintering at 1973 K 
or less, particularly 1873 K or less and the average particle diameter of the 
AIN particles after sintering may exceed 2 jxm to result in decrease of the 
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mechanical strength. The average primary particle diameter of the AIN 

powder is more preferably in a range of 0.05 to 1.2 |im. 

[0026] 

The impurity oxygen content in the AIN powder means an amoxmt of 
oxygen practically affecting the sintering immediately before sintering. 
When the impurity oxygen content is less than 0.2% by weight, low 
temperature sintering at 1973 K or less, particularly at 1873 K or less, 
becomes difficult or the AIN material may be possibly denatured in a mixing 
step and a forming step before sintering. On the other hand, when the 
impurity oxygen content exceeds 3.5% by weight, it may be impossible to 
obtain an AIN sintered body with high thermal conductivity. The impurity 
oxygen content is more preferably in a range of 0.5 to 2.0% by weight. 
[0027] 

Next, the above-mentioned respective compounds containing the 
elements (1), (2) and (3) are added as sintering aids to such an AIN powder 
as described above. The sintering aids which exist as compounds of the 
rare earth elements (1) and compounds of the alkaline earth metal elements 
(2) in the inside of the AIN sintered body after sintering are added in form 
powders or liquids. Practically, oxides, carbonates, oxalates, nitrates, 
alkoxides, halides or the like of them or aqueous solutions or alcohol 
solutions of these compounds or combinations of them can be exemplified. 
Meanwhile, the compounds containing the elements (3) to be added as 
sintering aids are preferably oxides or compounds to be oxides during firing, 
and examples thereof include carbonates, nitrates, oxalates, alkoxides and 
their aqueous solutions. The addition amounts of the respective 
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compounds containing the elements (1), (2) and (3) to be added and the 

reasons for the addition are as described above, 

[0028] 

Raw material powders of the AIN powder and the sintering aids may 
contain oxides, carbides, fluorides, carbonates, oxalates, nitrates and the 
like of transition metals such as Ti, W, Mo, Ta, Nb, Mn and the like in a 
range of 0.05 to 1% by weight for the sake of coloration and high strength 
based on the necessity. Further, aluminum compounds such as alumina 
(AI2O3), a phosphorus compound, a boron compound and the like effective for 
decreasing the sintering temperature and silicon compoimds such as a 
silicon oxide (Si02), silicon nitride (Si3N4) and the like for increasing the 
mechanical strength may be added in a range of 1% by weight or less, 
respectively, to raw material powders. 
[0029] 

It is preferable to form the above-mentioned raw material powders 
of the AIN powder and the sintering aids after the powders are kneaded 
with a binder and granulated. A formation method to be employed at that 
time may be, for example, a die pressing method, a hydrostatic pressing 
method, a sheet formation method using a doctor blade or their 
combinations. The binder may include, for example, acrylic type, 
methacrylic type, PVB type ones. Solvent to disperse such binders therein 
may be alcohols such as n-butanol, methyl isobutyl, toluene, xylene and the 
like. Although depending on the particle size of the AIN powder, the 
addition amount of a binder is preferably 2 to 12 parts by weight, more 
preferably 3 to 10 parts by weight, to 100 parts by weight of the mixed raw 
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material powders. 
[0030] 

Next, the above-mentioned formed body is heated to at highest 1273 
K or less in non-oxidizing atmosphere such as nitrogen gas current to 
remove the binder and sintered at 1973 K or less, more preferably at a 
temperature in a range of 1673 to 1973 K, in non-oxidizing atmosphere. 
The step of removing the binder may be carried out in atmosphere 
containing oxygen such as air or atmosphere containing steam by properly 
selecting the highest temperature for heating while carefully suppressing 
oxidation of AIN. 
[0031] 

When sintering at a temperature higher than 1973 K is carried out 
in the above-mentioned sintering step, the evaporation of the compounds 
containing the elements (3) becomes intense and at the same time, grain 
growth of AIN takes place to malce it difficxilt to adjust the average particle 
diameter to be 2 \mx or less. As a result, the strength of the obtained AIN 
sintered body is inversely decreased. On the other hand, when it is less 
than 1673 K, the firing duration needed to completely densify the sintered 
body is prolonged and therefore it is not preferable. The ambient gas 
pressure during the sintering step is preferably 0.9 atmospheric pressure or 
more. When it is less than 0.9 atmospheric pressure, the evaporation of the 
compounds containing the elements (3) becomes intense. Therefore, the 
effect to promote the sintering is degraded and it may become impossible to 
sufSciently improve the adhesion strength to a conductor and the glass 
sealing property and the lilsie. 
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[0032] 

The non-oxidizing atmosphere at the time of sintering may be of a 
gas of solely nitrogen or argon or a mixed gas of these, or mixed gas 
obtained by replacing a portion of such a mixed gas with hydrogen or CO2. 
Further, it is preferable to carry out firing in a firing container made of the 
materials chosen from AIN, BN or carbon in a sintering furnace provided 
with a heater using carbon, tungsten, molybdenum or the like. By 
employing the above-mentioned production method, the AIN sintered body 
of the present invention containing aluminum nitride particles having an 
average particle diameter of 2 or less as a main composition and 
containing 1 to 8% by weight (in terms of oxide) of at least one of rare earth 
elements, 0.3 to 7% by weight (in terms of oxide) of at least one of alkaline 
earth metal elements, and 5 to 25% by weight (in terms of oxide) of at least 
one element selected from Bi, Pb, Sb, In and Sn can be obtained at a high 
reproducibility. 
[0033] 

The AIN sintered body of the present invention may be employed not 
only for a high temperature and high strength material, a heat sink and the 
like but also for various circuit substrates and package substrates by 
forming conductive circuits by metallization or forming conductive circuits 
by forming conductor layers on a formed body and carrj^Lng out 
simultaneous firing. Use of the AIN sintered body of the present invention 
as insulating parts makes it possible to produce circuit substrates or 
package substrates provided with excellent heat releasing property and high 
mechanical strength and superior circuit properties free from defects such 
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as peeling oflf the conductive layers. Further, in the case of sealing with 

glass after disposition of a semiconductor device, packages with excellent 

glass sealing property can be produced. 

[0034] 

□Examples] 

Hereinafter, examples of the present invention will be described. 

[0035] 
Example 1 

3.0% by weight of Y2O3 with 0.1 |jm average particle diameter and 
99.9% purity, 1.0% by weight of CaCOs (in terms of CaO) with 0.2 
average particle diameter and 99.9% purity and, also, 8.0% by weight of 
Bi203 with 0.5 |im average particle diameter and 99.9% purity and 0,3% by 
weight of WO3 (in terms of W) with 0.3 juitn average particle diameter and 
99.9% purity were added to an AIN powder with 0.6 average particle 
diameter of primary particles and impurity oxygen content of 0.9% by 
weight. The resulting mixture was mixed with n-butanol and pulverized 
and mixed by wet type ball mill. Then, n-butanol was removed to obtain a 
raw material powder, 
[0036] 

Successively, together with an organic solvent, 5 parts by weight of 
an acrylic type binder was added to 100 parts by weight of the 
above-mentioned raw material powder and granulated. Then, the obtained 
mixture was formed into a formed body by uniaxially appl3n.ng pressure of 
50 MPa. The formed body was set in a container made of an AIN sintered 
body and fired at 1873 K for 6 hours in N2 gas of 2 atmospheric pressure by 
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a heating furnace made of graphite to obtain an AIN sintered body. When 
the density of the obtained AIN sintered body was measured by Archimedes' 
method, the sintered body was found sufficiently densified, having 3.31 
g/cm^ density. Further, the micro-structure of a cross-sectional face of the 
AIN sintered body was found almost completely free from pores according to 
observation by SEM. As a result, it was confirmed that the 
above-mentioned AIN sintered body was completely densified. 
[0037] 

Further, no uneven coloration and sintering unevenness owing to 
bleeding of grain boundary phases was observed in the surface of the AIN 
sintered body. Based on the observation of a ruptured face of the AIN 
sintered body by SEM and measurement by an intercept method, the 
average particle diameter of the AIN particles was 1.8 |Jin. Further, a disk 
with a diameter of 10 mm and a thickness of 3 mm was cut out of the 
obtained AIN sintered body and subjected to thermal conductivity 
measurement by a laser flash method at room temperature according to JIS 
R1611 to find that the thermal conductivity was 142 W/mK. Further, the 
four-point bending strength measured according to JIS R1601 was 320 MPa 
proving that the AIN sintered body had high strength although the sintering 
temperature was low. 
[0038] 

On the other hand, a paste produced by mixing 3% by weight of the 
AIN mixed powder (the raw material powder) containing the 
above-mentioned additives as fillers and 97% by weight of tungsten with 1.1 
\mx average particle diameter with an organic solvent was applied by a 
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screen printing method to the surface of the formed body obtained in the 
above-mentioned method and the resulting formed body was fired under the 
same conditions as those described above. Next, after Ni plating was 
carried out on a 2 mm-square conductor part on the surface of the obtained 
AIN sintered body, a wire was soldered and a tensile strength test was 
carried out to measure the adhesion strength between the AIN sintered body 
and the conductor layer. As a result, the tensile strength was as high as 
7.4 kgf^2mm-square. 
[0039] 

Further, according to the above-mentioned method, two recessed 
type AIN sintered bodies were produced. After the obtained recessed type 
AIN sintered bodies were set face to face in a manner that the aperture 
parts were encountered to each other, they were subjected to glass sealing 
using glass with a composition shown in the following Table 1 in nitrogen 
atmosphere. 
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[0040] 
[Table 1] 



Glass composition 


Si02 


6.60% by weight 


Ti02 


5.30% by weight 


AI2O3 


1.80% by weight 


Fe203 


0.08% by weight 


Cr203 


0.08% by weight 


PbO 


57.70% by weight 


CoO 


0.02% by weight 


CaO 


1.00% by weight 


MgO 


0.03% by weight 


Na20 


0.01% by weight 


B2O3 


6.40% by weight 


ZnO 


19.00% by weight 


Sn02 


0.01% by weight 


V2O3 


0.30% by weight 


Bi203 


1.50% by weight 





After the sealed AIN sintered bodies were left in a chamber filled 
with helium gas of 5 atmospheric pressure for 40 minutes, the chamber was 
evacuated to vacuum of 0.1 Pa and again filled with air to 1 atmospheric 
pressure- Such steps of cleaning with helium were carried out three times 
and then the specimen was taken out of the chamber and left in air for 30 
minutes. After such treatment, the specimen was subjected to a helium 
leakage test (fine leakage detection) and the leakage amount was detected 
by a mass spectrometer. As a result, the leakage amount showed 
preferable values as low as 1.0 x 10"^^ atm-cc-sec^ or less. 
[0041] 
Example 2 

5% by weight of Dy203 with 0.8 pn average particle diameter and 
99.9% purity, 1% by weight of BaCOs (in terms of BaO) with 0.2 (xm average 
particle diameter and 99.9% purity and, further, 10% by weight of Sb203 
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with 0.5 |Jin average particle diaraeter and 99.9% purity and 0.3% by weight 
of Ti02 (in terms of Ti) with 99.9% purity were added to an AIN powder with 
0.8 jam average primary particle diameter and impurity oxygen content of 
0.7% by weight. The resulting mixture was mixed with n-butanol and 
pulverized and mixed by wet type ball mill. Then, n-butanol was removed 
to obtain a raw material powder. 
[0042] 

Successively, together with an organic solvent, 5 parts by weight of 
an acrylic type binder was added to 100 pEirts by weight of the 
above-mentioned raw material powder and granulated them. Then, the 
obtained mixture was formed into a formed body by uniaxially applying 
pressure of 70 MPa. The formed body was set in a container made of an 
AIN sintered body and fired at 1923 K for 4 hours in N2 gas of 2 atmospheric 
pressure by a heating furnace made of graphite to obtain an aimed AIN 
sintered body. 
[0043] 

The density, the thermal conductivity, the four-point bending 
strength, the adhesion strength to a conductor, and the glass sealing 
property of the obtained AIN sintered body were measured in conditions and 
methods similar to those of Example 1 to find 3.33 g/cm^, 153 W/mIC, 311 
MPa, 6.9 kgf'2mm-square, and 1.0 x 10"^^ atm-cc-sec^ or less, respectively. 
[0044] 

Comparative Example 1 

Same additives were added to the same AIN powder in the same 
ratios as those of Example 1 except that no Bi203 was added and formation, 
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degreasing, and sintering were carried out as described in Example 1. The 
density of the obtained AIN sintered body was 3.28 g/cm^ and the average 
particle diameter was 1.4 limi. The thermal conductivity was .135 W/mK 
and the four-point bending strength was 325 MPa. However, observation of 
the micro-structure of the ruptured face of the AIN sintered body made it 
clear that a few of small pores existed in some portions of the inside of the 
sintered body and that the AIN sintered body was not a completely densified 
AIN sintered body. 
[0045] 

Evaluation of the adhesion strength to a conductor carried out in the 
same manner as that of Example 1 made it clear that the adhesion strength 
was as low as 3.5 kgf/2 mm-square. Also, the evaluation of the glass 
sealing property based on the helium leakage and carried out in the same 
manner as that of Example 1 made it clear that the leakage was as large as 
5.0 X 10""^ atm-cc-sec2 and that the glass sealing property was inferior. 
[0046] 

Comparative Example 2 

After an AIN raw material powder containing same sintering aids 
and additives as those of Example 1 was produced and subjected to 
formation and degreasing and then sintered in a carbon furnace in 
conditions of 2,073 K x 2 hours. Although the density of the obtained AIN 
sintered body was 3.30 g/cm^ showing high densification and the thermal 
conductivity was as high as 178 W/mK, the average particle diameter of the 
AIN particles was 8.7 |Lim that showed grain growth and the four-point 
bending strength was 190 MPa, significantly low as compared with that of 
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Example 1. Further, the adhesion strength to a conductor and the glass 
sealing property were evaluated in the same manners as those in Example 1 
to find that they were as insufficiently low as 2.7 kgf72 mm-square and 6.8 x 
10"*^ atm-cc-sec2, respectively. 
[00471 

Examples 3 to 12 

10 tjrpes of AIN sintered bodies were produced by the same manner 
as that in Example 1, except that AIN powders, the sintering aids and 
additives shown in the following Table 2 were used, and the pressure, the 
temperature and the duration of the sintering conditions were controlled to 
be as shown in Table 2. In Example 6, Y2O3 was added as a solution of 
Y(N03)3-6H20 dissolved in n-butanol. 
[0048] 

The density, the thermal conductivity, the four-point bending 
strength, the adhesion strength to a conductor, and the glass sealing 
property of the obtained AIN sintered bodies of Examples 3 to 12 were 
measured by same methods as those of Example 1 to find the results shown 
in Table 3. 
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[0050] 

[Effects of the Invention] 

As described above, an AIN sintered body of the present invention 
has fine AIN crystal particles. Although it can be obtained by sintering at a 
temperature as low as 1973 K or less, the AIN sintered body is sufficiently 
densified and has a high thermal conductivity. Further, the AIN sintered 
body obtained has a high mechanical strength owing to the fine particle 
diameter, adhesion strength to a conductor depending on the sintering aids 
employed, and good sealing property when sealed with glass. Accordingly, 
the AIN sintered body of the present invention is applicable not only for a 
stmctural material because of the high strength and the high thermal 
conductivity but also for a structural material such as a metallized 
substrate, a simultaneously fired multilayer circuit substrate, package 
substrate and the like. 



26 



(19)02t:gI1^SfiT (JP) (12) ^2^ ^ 4# 1^ <2t ^ (A) 

#^^9-77561 

(43)^:^58 B ^riE9^(1997)3^25B 

(sointci/ mm^ irp^mm^n f i mm^mi 

C 0 4 B 35/626 C 0 4 B 35/58 1 0 4 R 



(2i>mM#^ 


4^®^7 - 235242 


(71) mmx 


000003078 










(22)ai^B 


5p^7^(1995) 9^13B 




^}m)\mi^mJSLW\\nn2mk 






(72) mm^ 


























mn 






















(72) 


mwm 






















(74)f^3aA 













(54) mmoi'&m mitrji^s.-^jusmi^ 



(57) imm 

ll7C^gd^6jllin2.iJ>^c< ifc ia*K{b!B3^SL-C 0.3 
~ 7mM% . *}J:2;=Bi. Pb. Sb, In*5J:afSn5!)iP)jllSn 



1 

^t^^m{ttii>'J;>rj:< ti> m^mitmkWv 0.3- 7 

SM% . ^tfJrO^Bi. Pb. Sb. In*5<J:C/Sn;0i6ilt^tl^^ 

CO 0 0 1 ] 

CAIN) mm^ci^^ . s 6 cci¥ u < ti<&?ajgs.^7&^ pjtg 

[0002] 

*4<b OT<D-fe^ 5 LXtS. T;^^:^ (A1, 
O3 ) -fe^ ^ :y ^';^7&SCnS'C— jKWCCfflC^etlT^ 

C4.5xi(r»A) 2isv$>^fc!fy. ^i^mi^(Dmm 

[0004] CCDJi^UCti^h. TiVZi-^'y^v^ 

[0005] ic^r. ai^riifiais^tScD AiNjfe^(* 



4$ig^9 -7 7 5 6 1 

2 

[0 00 6] -:fj. ^'iko kMrnrnwo^mi^^m.-^^"^ 
[000 7 ] mMum.o:>i&T^m^tj:^^mt 

F!lx.t3:!|$^0g 61-209959^^$B. 5-171S0^ 
<lM. ^^gaeg 62-153l73-^^#BCC. ^±m5tm^T 

';±3l^il7c^<z)>'^py>^b^B5*^i^$S3nru^5o ^/c 

[0 00 8 ] 

yrmxiit. i973Kj:0ffiCi^t?+^ccgtst?. t&^o^ 

gas 6l-209959^^$6^1$g^ffS 62-153173^i^tCfaiS 

-i7i9(>^<2rfBtciaigcD75'S"C5J, I2cw/m KOjae^^T^^ 

rf#6n/c4><D'C*5o 5 etc. ^±ss7c^-^r;u;^ >; 

±S^7C^CD>'^^ y >-fb«5^^S«:^»PT^ i . AIN 

[0 00 9] $/c, i^gg^l-183469^<a#RtCidiS$n-C 

J: or. 1873tcr SBSrslCO^^T. 3.27q/cm' <D^^t 
139N/m K<D^.Bm^f)Smf&l$tlX^^^ti. t^n^tlXl^ 

[0010] [piKSffi^i UTffic^-sn^cctj. 



(3) 

3 

•chi>-SL^lfihi>, LffiLfiH^^. ens -CCD ainW?4 

CO 0 1 1 ] c©J:^>k:. AiN8Sl$S«i(c*ji,i-ciitS«W 

c 0 0 1 2 ] coDcfc ^ nc^gitc^tja-rsfcj* 

K^csn/ctcor, {ssr^assojfigr. si^se«3^s-«>fa 

n/cmr -"i/ 5 - A jgsjs<**^«-r s c i =& s w 1 0 

[0013] 

m% . teiO'Bi. Pb> Sb. In*i<fc?>'SnA>e)jS«n-5ii>Ji: 

< i lffl<D7C^5rK{t!a}ft^T? 5~2SfiS% ^WLT 20 

[0014] :^mm<Dmitrj\^ s - -i? Ai^flcij, a) 

^i, (3)Bi. Pb. Sb. Ini6j:lfSn^is^l£rii>pfj:< 

as»n3n-cc»^>c<i:«:j:or. i973KWT-c©{gja^ 
*s"5jgfei!^c-5.. $6k:. (3)©{t^*JjSJja$n-rc»5 30 
cir. ffiar©«gie*jJ:u®ffiYb*J(Sji3n-5i^ 

k:. ig^JSi©!Sf#14-^';^7:^t}jJ:1±*5^ccnc5. 
[0015] (l)©#±S7C^i C-Ctt, Sc. Y*i<t(yf 

r 1- 8as% ©iBHi-r-s. 4&±S7cS{b^©^i]n 

J: 9S?S LC^SSflDStSK-fbiBJ 40 
^©-C 1.5~ Tsax -CAS. 

[0016] (2)©TJi'* ';±»^^7c^4 or (J. c 
a. Ba. sr^*5^if ^n. -e-©8ssna:«g?{b!^g:r o. 

!B5©asjHis*sgs{b'^»^-c o.mm% *?sr(3:j^ii$t4*i 

*';±^Jl7Ca©{b^3!)^^fiW:^L/fc AlN^f* 50 



!|$||jp9-7 7 5 6 1 

4 

[0017] (3)©B1. Pb. Sb. In*iJ:iyfSn*»P.3S«n 

g?{b!^^ (Ai. 0, ) isicur. 5 6K:(gia-c^tB^BSt 

[0018] $ 6{C. ±iSC3) ©TclR^Sr^tf^b^WS?? 

IS^CC. ^{^Jli AlN^®<!:©ia©Sf3§a*iSif<!:!^c 
^. rJ&rt)^. J^L/cJc^iCC C3)©7C^?r^tf{t^!B) 

{i{sa-c?stB=&*t^s;o. c©?gti»tttt*sfi<. isntt 
m t ©?B#tt*«asf It s . 

[0019] */c. (3)©7t:^tit»-rnfe*'7;^CC^W 

sn^s-STc^-c^o . cn6©7c^<i:Ai)se)af{cM5S*s 

[0020] (3D©7C^^StJfb-^©^»nSl3:. Mit 

mkwx 5-25aax ©©air's, c©8s»ns;is ss 

2.. 3 (3)©7clg5r^t?{t-&i^«8lL.-Cigjar© 
3<B.«C;tf-7>^t*±©IS(Cfc A1N§li^WC^??-rS C3)© 

^^Hi^t^). i^ic C3)©3cjs*^atcasjjaf Si. ei? 
tg© Aii^«:*t-r.2>?sntt*^^i^c-5r. Aih«a5i± 

[0 02 1] ±aUfc (1). (2). C3)©S7U^©ft-^ 

tutmimbtc. AiNfe*£<*«. i973idWTr©ffijaj^fc 

J:orfcliSfb*ipJg8<t^cO. iSl8ieSS^*5f#e.n.5i 
^t{c. Alh«i©^±Sj8iS«r 2ani JiyTi-rSCtAS-C* 
S. Tncto%. All>^©ffl:^{b*ffll$lJTSCi*JBltg<!: 
^cfJ. 2Mni tiTt?*SC<!:«:jaHor, fie 

*© AlNgg*i(*iO fc]i5^a*if#^nS. «8ft^© A1N 

ir^. ?6«:. C3)©7c^©-(b^!fe?:8SJ]nori»sc<t 
{c±0. ^ftSi Alix^M^/l©SfJt14*^*t«:TS<!:ft 



5 

[0022] 

[0 0 2 3 ] ^r. 2tc^?^o AMm^i^^mmr ^fcify 
[0 024] :^mMco Aim^i^^wi^r^tc^f^mi.^ 

*£^<D3eS^^j^Ur^i^-^^faS;&^0.03- 1.4uni CD 

[0 0 2 5 ] Air^^Wi^— i^aS7&^o.o3Mm ^rSr 

1.4Mm ^ffl^^i. 1973K«T1^tC 187 

3KKiTrcDffirajSg.^;&^BIIttcfcC^46-^n7&i^>^ ^/cjgg 

[0 0 2 6 ] itfc. A^m^o:>^P&'mmMmtu. 

0.5— 2.0*©% CD®ffl-C^)5e 
[0 0 2 7 ] ±i£L/c<i;^3^cC Ali^^CC, mi^b 

fc CD, C2)4cj<fcc;f o:><D7m^^tj^&it^m^m§m 
xmmr^ (i3:)07tm^^tj^it'^^tLx{^. 

[0 0 2 8 ] Aim^^^V^^^M^^^rj:^Mmif»^ 

w. Mo. Ta. Mb. t&m<Dmm^m<Dmtim. mifm. v 
vim. mmi&. t^^-^^KS, mmi&m^o.os-- mm 
%(Dmmxi^^Lxi>j:i>. §6^, m^^m^iST^ 

^±^(0^mWj:r)\^^i' (Al, 0, ) ^CDT^U^^'i'A 



i^gg^g -7 7 5 6 1 

6 

r/cd^tcsib^-^^csiOi ) . mt'r^m (si, n,.) 
[0 0 2 9] L//C A^mw.^^am^^mmf)^hu 

ti^o ct\h<OJ^^l^^^^^'^^±hmmtl,x\^. m 

flost^i^^r^ Air*}^cDSi]gccj:ort»^)^«c^75i. U 

^WMB'^ \omM.mc^l^X 2-l2mM^CDfEH<bT 

[003 0] ;XC>-C. ±f2^^f*^^^:^'^mSS£*^0D 
20 lf®^btt#fflS*T^]g^K 1273KWT^rfl^f^.Lr>'^' 
>-Y^^^*b/cS. ^^©{bti^Hm^^r 1973KWTCO 

mf^mMLxmmr^mm^m^^miR'r^cti^cj: 

[0 03 1 ] ±ab/c«g*Si§?ir 197310: 0 Hi ii^r 

30 ^ii^r.^ c i j&iffliscc;^^ 0 . m^t Lxm^tifc ain 
^«:©?sg*i<aT-r^^=B:^;&«^-r'5» ttc i67 

x{t. nt^c c3^<07tm^^tj^it^mo:>nmmL<tj: 

[0 03 2] m$sm(D^mim^mMt Lx^t. mm. 

m WT(D All^i^^^i CD^±SS7t;^*^6iS« 

n^ii>?^cc< ifc la^K^bi^dfesr 1- . C2) 
50 ^^zjhsrd)^f^i^ktn^'prji<ti>xm<07m^mtm 



C5) 



1^9 - 7 7 5 6 1 



8 



c 0 0 3 3 ] ^mm(D Aim^mt. mui^^u^\i 

mr^ctx. &tifc^.^p^n^^. "tvxmw 

sm^p^^y^-i^mt^^irmr^ct^^x^^. $e>cc 
ii, ^mwm^^i^^Lx±f^ 7.m±in^m^(fat. 

[0034] 

[mmm] &rr. :^^m<Dms&m(^-:>i^>xtAmr^. 
[0035] mmm i 

w-i^~^xfmt>^ o.6Mm X. ^m^^fm^^ Q.9mm% 

<0 Aim^^C. ^±SaS Q.XUm . MS 99. 9%^) V 0 
3 3.0«S% . ^'ckO'¥l^*4S 0.2Mm. $«JS 9 20 

9,95^CaCo, ^ CaC^W-X l.C&M.%^ML. $ e>tC^ 
^taS 0.5am, 99.9?^CDBi' 0 3 ^ 8.QmM% 

W-^^m 0,3um . 99.996£DWQ,^ V^^^C 0. 

[0 0 3 6 ] mi^^x. ±imnm^ locsM^R^nox 
ri7Vjm^^^>^ sMMSi^^mmmmt^ifcmmux 
m^ufcik. 5(M>a<DStix-umKLXfs.mii^{i^m 

L/C. C(DfSMW^ AiNiSfee<**^e>/j:^>g^«:-fe-^ h 30 

Ttcr 1873ICC mwm.iyx AiNj§^*s{*^f#/co f#e> 



AlNjfetS<*cDKKffi?r S E Mtc J: oTg^bTSiWig^ 
SiiSL/ciC^. d<Tt3:t3St3f^^W:?giaor4dO. CCD 
*S*;!/^e)±iB AlN^<*;&5^:^«:gtSfitbrii^C<!:^5 

[0 0 3 7] itfc. A\m^i^mm(^c\mmE<D u^m 

*^6All^C0^i^aS5:*i6/c<bC5 l.Sym "Cfto 
$6CC. f#e»n/c AlNJ§g^f*;&^6ii[Sl0rTni. 3 

. -tf-:?^ i^:xa-Cl§iG2g^^tfJJSL/c<hC5 i42W/m 
KX$>r>fc. ^/c, 3I5-R160lCCS£ot: 4/^,ffiCf^^£: 
S'JSb/c<i:C5. 320^tPa<!:g&g?ag7&5i£t,iCc4»&i7&it>6 

[0 03 8 ] fi(i$o:^arf^^L//cfiSff$»(Da® 

'7-tLx±MLfcmmm^m^fc AM^^n^ (m.n 
m^) 3mM% t^m^mmtmcu^Lx{i^mLfc^ 

^Mco 2mmft<D::^^$(7>2gi*a5^httet>-D:af o/d^. 
V ^ 5 13S AlN 

K) Sl^t J 7 . 4kqf /2mnft t ^ffl U /c. 
[0 039] $ 6tC, miaiL/c:&ffiCCS£or. 2{@<DD3 

M Aitm^i^^smufc. m^titc2m(omm Air^ 
mm^m^^xTi^omi (^c^jSL^mm^y :Kim^^x 

[0 040] 
C^l] 





SiO^ 






5. 30 ffifi96 








0.08 m*% 




0. oms% 


PbO 


57.70 


CoO 




CaO 


1.00 mM36 


HgO 




Na^ 0 


0.01 £M9^ 






ZnO 


19.00 




Q. QlSfiX . 




a 30 'mM% 


Bi, 0 , 


1. 





/Co CtD-^'J-i^Affi^XH^r 3[Hl?f-:>/cf^. i^f^^r^i- 
>^^'7!p6gX^}^iL. 2^43 r30^rBl&g L/C, C<DJ:^ 



50 



(tc^H^^ o-^mi<D^M^tnM^VrMfxn'ofc. -e 

(Omm. y-i^atJ l.oxicr^" atm-cc- sec-n:tT 
cb^j??/j:<l^fi^L/c, 

[0 04 1] mmm2 



(6) 

9 

W-^—^X^^^ o.smn ^^^a^^Ti^ Q,7mM% 

CD Air^^tC. ^l^taS O.lAtm . JSBS 99.95fl©Dv, 0 
, 19^^ . 0.2m m . ^399. 9 

%6DBaCQ, ^ BaC^gL-C lgj|% ^SSJfJDU. 

O.SMm . J*^99.9?5 COSb, 0 3 ^10MM% ^ 
S99.9% CD Tia ^Tij^St? 0.3Sfi5^»nL, Ctl^ 

[0 042 1 m^^x. ±^Ejmm^ xommmffcnox 

^^-etl3.33q/cm' , 153W/m IC 311MPa. 6.9kgf/2mmft. 
l.OXior^' atm-cc- sec ' t(Ti i.iTnfcSW^'cCSi 20 

[0044] mm 1 

htlic AlN§fegf*CDffigt3:3.28q/cm' 0 . ^i^&S 

1.4Mm ■C*-:)/Co ^/c, iaG^til3SW/m IC 4,>=?, 
ffitf^ti325MPa-C^o/c;&^, SEMCCctO Alh^^Stt 
CD«^KMCD^1SS^S^b/c*Sm. 'Pm^A^^U^^Tt^^ 



!^ga^9-7 7 56 1 

10 

U Alf^ifgf*itinc-:>riii^C3&^o/Co 
[ 0 0 4 5 ] ^/c, mm 1 i[Hl:KCD:^r^f*iOS 
^^i¥{ffiL/c<tC5, 3.5kqf/2nniftifiC^ffiL7:^^#6 

±tt^-v'j 'j-i'if^ttri^ffiL/ccbc^. 5.0X10 

atm-cc- sec-^<i::^#3iffi*inL. ;^t*±147:»i 
[0 046] J:b$5«?ll 2 

nn 2073KX 2B#r^CD^'Cj^i|gL/c, ?#6n/c AiNjS 
*Si*CD^Sti3.30q/cm' iStSffbL. fS^e^^fcl7SW/m 
KiiSTlJ^-^/c;^^. AlNfgi0^i^aS3&^ 8. 7 urn <bSi^S 

orfcD . ^^Mimm^amt^m i <f:tt:-<ri90Mpaiis 
^^o/c, nmmi tnm(0'yswxMV^t<Fymm 

tti:^'^;^^J±tt^S¥fflL/fc<i:C5, 2.7kgf/2ninft. 
6.8X10-' atm-cc- sec"* iT+iJ^J'jrffi'C&o/to 
[0 04 7] USSC^S-'l 2 

^YCNQ, ) , • 6Hi 0 ^ 

[0 04 8 ] ?#6n/c|ISSM3'- 1 2 CD AlNgSMmco 

u-nmnwm utc. -en e> (D^:^^TfE<D^ a « 

[0 04 9 ] 
[^2] 



C7) 



1tg§^9-77 5 6 1 



11 



12 







jsfi tn si 
»• ijti m *i 

* 




?^ 


(Tt«) 




00 


(hr) 




0.4 


2.0 


ao^O 2 iZ, Oj-CaOCl. 0)- Sbg 0 ^ C12. 0) 


3 


1823 


8 




0.6 


i.o 


Lag 0 3 (4. 0>StOCL 5)- In^ 0 g 05.0) 
-lOg (0,38) 


1 


1873 


10 




LO 


0.7 


CeOg C6,Q)-BaOCa7)- Bij 0 3 (8, S) 
■2 3 '*'"2 ® ' 


5 


1873 


4 




0.6 


2.2 


Tfj 0 3 (3.5)-OiO(1.0)- Bij 0 g (6,0) 
-lotlj (0,2) 


7 


1773 


24 




0.8 


018 


Ybg 0 3 (5,0)-BaO(L5)HPbO(ia.0) 
-fOg (0,25) 


1 


1923 


6 




0.6 


0.9 


Gii^ 0 3 a.5)-CaO(l.Q)-CaF2 aO) 


2 


1873 


6 




1.3 


0.6 


Hdj ^ 3 C3.0)-SrO(4.0)-PbO(fl.O) 
-TQj (0. 4)- Bg 0 3 (0, 5) 




1973 


3 




0.7 


0.0. 


. 0 3 (2.0)-y?3 (1. 0)-BoOa, 5> 
-Sn02 (18.0)- SI J H ^ (0.5) 


1 


1823 


12 




0.0S 


2.3 


SBj 0 3 (a.fl)-CaO(0.8)- I1I2 0 g QIO) 
AIF3 (1.5) 


a 


1723 


24 


i»m2 


0.5 


1.2 


Dyg 0 3 (4.0)-BaOaO)- Big 0 3 (22.0) 
-SiOj^ (0.5) 


8 


1923 


4 



















Cg/CB^ ) 


Cf/«D 


(iib) 


(BPa) 


OcBf/2niiJO 


(ata*cc«sec h 




3.32 


US 


L3 


320 


6.2 


iLO xlQ"-^" 




3. 31 


148 


L5 


330 


7.4 


il.0 X10'^° 




3.32 


138 


1.7 


315 


8.2 


SLO XIO"^" 




3.30 


123 


LS 


350 


$.9 


^1.0 xlO'lO 




3. 31 


168 


1.9 


295 


7.8 


SLO XIO'^" 




3.30 


143 


1.4 


340 


7.4 


SLO XIO'"^" 




3.32 


175 


2.0 


300 


8.0 


SLO XIO'^" 


lii&^^io 


3.31 


lao 


L4 


320 


6.9 


«L0 XIO*-^" 


^mi 


3.29 


•122 


1.2 


350 


7,1 


sLO xao'^0 




3.30 


132 


1,9 


300 


7.S 


^Lfl xlO"^** 



[005 0] 



(8) 1$ga^9 -7 7 5 6 1 

13 14 

[0 0 5 1 ] 



